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(57) ABSTRACT 
A capacitive coupling plasma processing apparatus includes 
a process chamber configured to have a vacuum atmosphere, 
and a process gas Supply section configured to supply a pro 
cess gas into the chamber. In the chamber, a first electrode and 
a second electrode are disposed opposite each other. The 
second electrode includes a plurality of conductive segments 
separated from each other and facing the first electrode. An 
RF power supply is configured to apply an RF power to the 
first electrode to forman RF electric field within a plasma 
generation region between the first and second electrodes, so 
as to turn the process gas into plasma by the RF electric field. 
A DC power Supply is configured to apply a DC voltage to at 
least one of the segments of the second electrode. 
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CAPACTIVE COUPLNG PLASMA 
PROCESSINGAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is continuation application of Ser. No. 
13/278,228, filed Oct. 21, 2011, now U.S. Pat. No. 9,038,566, 
which is a divisional application of Ser. No. 1 1/392,811, filed 
Mar. 30, 2006, now U.S. Pat. No. 8,070,911, the entire con 
tents of both of which are incorporated herein by reference. 
U.S. application Ser. No. 1 1/392,811, also claims the benefit 
of U.S. Provisional Application No. 60/666,699, filed Mar. 
31, 2005. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2005-102954, filed Mar. 31, 2005, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a plasma processing appa 

ratus of the capacitive coupling type, used for performing a 
plasma process on a target Substrate in, e.g., a semiconductor 
processing system. The term 'semiconductor process' used 
herein includes various kinds of processes which are per 
formed to manufacture a semiconductor device or a structure 
having wiring layers, electrodes, and the like to be connected 
to a semiconductor device, on a target Substrate, such as a 
semiconductor wafer or a glass Substrate used for an LCD 
(Liquid Crystal Display) or FPD (Flat Panel Display), by 
forming semiconductor layers, insulating layers, and conduc 
tive layers in predetermined patterns on the target Substrate. 

2. Description of the Related Art 
For example, in manufacturing semiconductor devices, 

plasma processes, such as etching, sputtering, and CVD 
(Chemical Vapor Deposition), are often used for processing a 
target Substrate or semiconductor wafer. There are various 
plasma processing apparatuses for performing Such plasma 
processes, but parallel-plate plasma processing apparatuses 
of the capacitive coupling type are the ones in mainstream 
SC. 

In general, a parallel-plate plasma etching apparatus of the 
capacitive coupling type includes a process chamber with a 
pair of parallel-plate electrodes (upper and lower electrodes) 
disposed therein. When a process is performed, while a pro 
cess gas is Supplied into the chamber, an RF (radio frequency) 
power is applied to one of the electrodes to form an RF 
electric field between the electrodes, thereby causing RF elec 
tric discharge. The process gas is turned into plasma by the RF 
electric field, thereby performing, e.g., plasma etching on a 
predetermined layer disposed on a semiconductor wafer. 

For example, there is an apparatus of this kind in which an 
RF power is applied to the lower electrode on which the 
semiconductor wafer is placed. In this case, the lower elec 
trode serves as a cathode electrode, and the upper electrode 
serves as an anode electrode. The RF power applied to the 
lower electrode is used for plasma generation and also for an 
RF bias applied to the target substrate. 

In the parallel-plate plasma processing apparatus of the 
capacitive coupling type, the upper electrode serving as an 
anode electrode needs to be protected from metal contamina 
tion and wear-out. For this reason, the upper electrode is 
formed of a metal base body having a surface covered with a 
coating made of an oxide film or insulative ceramic with high 
resistance to plasma, such as Y.O. 
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2 
Plasma is generated by RF electric discharge caused 

between the electrodes, and electron and ion currents gener 
ated thereby are neutralized at the ground potential. Accord 
ingly, relative to the ground potential, the insulating film 
covering the upper electrode comes to have a potential, by 
which the plasma potential is determined. 

In recent years, design rules in manufacturing semiconduc 
tor devices have been increasingly miniaturized. Particularly, 
in plasma etching, it is required to improve the dimensional 
accuracy, selectivity relative to the mask and under-layer, and 
planar uniformity of the etching. For this reason, the recent 
trend is to use a lower pressure and lower ion energy in the 
process field within a chamber. This trend has brought about 
the use of an RF power with a frequency of 27MHz or more, 
which is far higher than the frequency conventionally used. 

However, where a lower pressure and lower ion energy are 
used, as described above, it becomes necessary to address a 
decrease in the planar uniformity of plasma potential, which 
previously had been negligible. Specifically, in conventional 
apparatuses using high ion energy, poor planar uniformity of 
plasma potential does not cause a serious problem. However, 
as the pressure and ion energy are set to be lower, poor planar 
uniformity of plasma potential can easily make the process 
less uniform and easily cause charge-up damage. 

In this respect, U.S. Pat. No. 6,624,084 (Patent Document 
1) discloses a technique concerning a plasma processing 
apparatus. Specifically, this document discloses a technique 
of improving the planar uniformity of self-bias on a wafer 
generated by RF bias application, to reduce micro defects, 
Such as charge-up damage. In order to achieve this, current 
path reform means is disposed for that portion of the RF 
current path of the RF bias applied to the wafer that is close to 
the periphery of the wafer, to cause an RF current to flow 
toward the surface of the counter electrode facing the wafer. 
Alternatively, impedance adjusting means is used to cause the 
impedance from the RF bias to ground to be almost uniform 
planarly on the wafer. 

However, the technique of Patent Document 1 requires the 
current path reform means or impedance adjusting means and 
thus makes the apparatus structure complicated. Further, this 
technique is not necessarily sufficient in the planaruniformity 
of plasma processing. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention to provide a plasma 
processing apparatus of the capacitive coupling type, which 
brings about a high planar uniformity of plasma processing, 
and prevents charge-up damage. 

According to a first aspect of the present invention, there is 
provided a capacitive coupling plasma processing apparatus 
comprising: 

a process chamber configured to have a vacuum atmo 
sphere; 

a process gas Supply section configured to Supply a process 
gas into the chamber, 

a first electrode disposed in the chamber; 
a second electrode disposed opposite the first electrode in 

the chamber, and comprising a plurality of conductive 
segments separated from each other and facing the first 
electrode: 

a Support member configured to Support the target Sub 
strate between the first and second electrodes such that a 
process target Surface of the target Substrate faces the 
second electrode, 

an RF power supply configured to apply an RF power to the 
first electrode to form an RF electric field within a 
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plasma generation region between the first and second 
electrodes, so as to turn the process gas into plasma by 
the RF electric field; and 

a DC power Supply configured to apply a DC voltage to at 
least one of the segments of the second electrode. 5 

According to a second aspect of the present invention, there 
is provided a capacitive coupling plasma processing appara 
tus comprising: 

a process chamber configured to have a vacuum atmo 
sphere; 

a process gas Supply section configured to Supply a process 
gas into the chamber, 

a first electrode disposed in the chamber and configured to 
Support a target Substrate thereon; 

a second electrode disposed opposite the first electrode in 
the chamber, and comprising an inner segment and an 
outer segment disposed around and separated from the 
inner segment, 

an RF power Supply configured to apply an RF power to the 20 
first electrode to form an RF electric field within a 
plasma generation region between the first and second 
electrodes, so as to turn the process gas into plasma by 
the RF electric field; and 

a DC power Supply configured to apply a DC voltage to at 25 
least one of the inner segment and the outer segment, 
such that the DC voltage of the DC power supply is 
applied to cause the inner segment to have an electric 
potential higher than that of the outer segment. 

In the apparatus according to the first and second aspects, 30 
the spatial electric potential distribution is uniformized, so 
that the substrate receives ion energy incident thereon with a 
uniform distribution. Further, the uniform ion energy brings 
about uniform electron energy in plasma generation, thereby 
resulting in a uniform electron density distribution. Conse- 35 
quently, it is possible to improve the planar uniformity of the 
etching process, and to reduce the charge-up damage, such as 
dielectric breakdown of gate oxide films. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 40 
obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumentali 
ties and combinations particularly pointed out hereinafter. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate embodi- 50 
ments of the invention, and together with the general descrip 
tion given above and the detailed description of the embodi 
ments given below, serve to explain the principles of the 
invention. 

FIG. 1 is a sectional view showing a plasma etching appa- 55 
ratus or plasma processing apparatus according to an embodi 
ment of the present invention; 

FIG. 2 is a view schematically showing a plan view layout 
of an inner segment and an outer segment used in the upper 
electrode of the plasma etching apparatus shown in FIG. 1; 60 

FIG. 3 is a sectional view schematically showing a struc 
ture where an RF (radio frequency) power Supply for plasma 
generation and an RF power Supply for ion attraction are 
connected to a lower electrode used as a Support table; 

FIG. 4 is a view schematically showing the structure of an 65 
electrode plate used as an upper electrode in a conventional 
plasma etching apparatus; 

4 
FIG. 5 is a view showing electron density distribution and 

plasma potential distribution in plasma where the conven 
tional plasma etching apparatus is used; 

FIG. 6 is a view schematically showing a system for apply 
ing a DC (direct current) Voltage to the segments used in the 
plasma etching apparatus shown in FIG. 1; 

FIGS. 7A and 7B are views schematically showing modi 
fications of a system for applying a DC Voltage to the seg 
ments usable in the plasma etching apparatus shown in FIG. 
1; 

FIG. 8 is a view schematically showing an alternative 
modification of a system for applying a DC voltage to the 
segments usable in the plasma etching apparatus shown in 
FIG. 1: 
FIG.9 is a view schematically showing a further alternative 

modification of a system for applying a DC voltage to the 
segments usable in the plasma etching apparatus shown in 
FIG. 1: 
FIG.10 is a view schematically showing a plan view layout 

of segments used in the upper electrode of a plasma etching 
apparatus or plasma processing apparatus according to 
another embodiment of the present invention; 

FIG. 11 is a view schematically showing a system for 
applying a DC Voltage to the segments used in the plasma 
etching apparatus according to the embodiment shown in 
FIG. 10; 

FIGS. 12A, 12B, and 12C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 200 W, the inner segment was grounded, and the outer 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 13A, 13B, and 13C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 200 W, the outer segment was grounded, and the inner 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 14A, 14B, and 14C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 500 W, the inner segment was grounded, and the outer 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 15A, 15B, and 15C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 500 W, the outer segment was grounded, and the inner 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 16A, 16B, and 16C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 800 W, the inner segment was grounded, and the outer 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 17A, 17B, and 17C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
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at 800 W, the outer segment was grounded, and the inner 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 18A, 18B, and 18C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 1,200 W, the inner segment was grounded, and the outer 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 19A, 19B, and 19C are views showing the planar 
distribution of plasma potential Vf, planar distribution of 
self-bias voltage Vdc, and planar distribution of electron den 
sity distribution Ne, respectively, where the RF power was set 
at 1,200 W, the outer segment was grounded, and the inner 
segment was supplied with the DC voltage at different voltage 
values; 

FIGS. 20A and 20B are views showing planar distribution 
of plasma potential Vf, where the RF power was set at 200 W 
and 500 W, respectively, and the inner segment was supplied 
with the DC voltage at different voltage values while no 
Voltage was applied from a distribution control power Supply: 
and 

FIG. 21 is a view schematically showing another example 
of an upper electrode. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will now be 
described with reference to the accompanying drawings. In 
the following description, the constituent elements having 
Substantially the same function and arrangement are denoted 
by the same reference numerals, and a repetitive description 
will be made only when necessary. 

FIG. 1 is a sectional view showing a plasma etching appa 
ratus as a plasma processing apparatus according to an 
embodiment of the present invention. This plasma etching 
apparatus 100 includes an airtight process chamber 1 having 
an essentially cylindrical shape. For example, the chamber 1 
has a main body made of a metal. Such as aluminum, with an 
inner Surface covered with an insulating film formed thereon, 
Such as an oxidization processed film, or insulative ceramic 
film of, e.g., Y.O. (for example, athermal spraying film). The 
chamber 1 is grounded. 
A Support table 2 is disposed in the chamber 1 and config 

ured to horizontally support a target substrate or wafer W and 
to also serve as a lower electrode. For example, the Support 
table 2 is made of aluminum with an oxidization processed 
Surface. A Support portion 3 having a ring shape extends 
upward from the bottom of the chamber 1 at a position cor 
responding to the periphery of the Support table 2. An insu 
lating member 4 having a ring shape is disposed on the Sup 
port portion3, to support the periphery of the support table 2. 
Further, a focus ring 5 made of a conductive material or 
insulative material is placed on the periphery of the top of the 
support table 2. A baffle plate 14 is disposed between the 
insulating member 4 and the wall of the chamber 1. An inner 
void 7 is formed between the support table 2 and the bottom 
of the chamber 1. 
The support table 2 is provided with an electrostatic chuck 

6 on the top surface, for holding a wafer W by an electrostatic 
attraction force. The electrostatic chuck 6 comprises an elec 
trode 6a and a pair of insulating layers 6b Sandwiching the 
electrode 6. The electrode 6 is connected to a DC (direct 
current) power supply 13 through a switch 13a. The semicon 
ductor wafer W is attracted and held by an electrostatic force, 
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6 
e.g., a Coulomb force, generated by a Voltage applied from 
the DC power supply 13 to the electrode 6a. 
A cooling medium passage 8a is formed in the Support 

table 2, and is connected to cooling medium lines 8b. A 
Suitable cooling medium is supplied and circulated within the 
cooling medium passage 8a from a cooling medium control 
unit 8 through the cooling medium lines 8b to control the 
support table 2 at a suitable temperature. Further, a heat 
transmission gas line 9a is disposed to Supply a heat trans 
mission gas, such as He gas, into the interstice between the 
top surface of the electrostatic chuck 6 and the bottom surface 
of the wafer W. The heat transmission gas is supplied from a 
heat transmission gas Supply unit 9 through the gas line 9a to 
the bottom surface of the wafer W. Consequently, even when 
the interior of the chamber 1 is exhausted and maintained in a 
vacuum state, cold of the cooling medium circulated in the 
cooling medium passage 8a is efficiently transmitted, thereby 
improving the temperature control of the wafer W. 
A power feedline 12 for supplying an RF (radio frequency) 

power is connected near the center of the support table 2. The 
power feed line 12 is connected to a matching unit 11 and an 
RF power supply 10. The RF power supply 10 is configured to 
apply an RF power with a predetermined frequency to the 
support table 2. 
On the other hand, a disk-like showerhead 18 used as an 

upper electrode (thus which will be also referred to as an 
upper electrode 18) is disposed above and opposite the Sup 
port table 2. The showerhead 18 is fitted in the ceiling of the 
chamber 1. The showerhead 18 includes a main body 18a 
made of a metal or semiconductor, Such as carbon or Si. The 
surface of the main body 18a facing the support table 2 is 
covered with an insulating film 18b for preventing metal 
contamination, wear-out due to plasma, and generation of 
scratches. Further, the insulating film 18b is covered with an 
inner segment 18 and an outer segment 18, which are 
conductive and concentrically separated on the inner and 
outer sides, respectively. FIG. 2 is a view schematically show 
ing a plan view layout of the inner segment 18 and outer 
segment 18, used in the upper electrode 18 of the plasma 
etching apparatus shown in FIG.1. The insulating film 18bis 
formed of an oxidization processed film, or insulative 
ceramic film of, e.g., Y.O. (for example, a thermal spraying 
film). 
A number of gas delivery holes 17 are formed to penetrate 

a lower portion of the main body 18a, the insulating film 18b, 
and segments 18 and 18. The gas delivery holes 17 com 
municate with a space 18e formed in the main body 18a and 
a gas supply port 18d formed at the top of the main body 18a. 
The gas Supply port 18d is connected through a gas Supply 
line 15a to a process gas Supply unit 15 for Supplying a 
process gas for etching. 
The main body 18a of the upper electrode 18 is grounded 

through the chamber 1 and cooperates with the lower elec 
trode or support table 2 supplied with an RF power, to define 
a pair of parallel-plate electrodes. The lower electrode or 
support table 2 supplied with an RF power serves as a cathode 
electrode, while the grounded upper electrode 18 serves as an 
anode electrode. A plasma generation region for turning the 
process gas into plasma is defined between the upper elec 
trode 18 and support table 2. 
The inner segment 18 and outer segment 18 are con 

nected to variable DC power supply 30 to apply a DC voltage 
therebetween. Specifically, the inner segment 18, is con 
nected to the positive terminal, and the outer segment 18 is 
connected to the negative terminal. The variable DC power 
Supply 30 is connected to the inner segment 18 through a 
feed line 30a provided with a low-pass filter (LPF) 31 and a 
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relay switch 32. The variable DC power supply 30 is con 
nected to the outer segment 18 through a feed line 30b 
provided with a low-pass filter (LPF)33 and a relay switch 34. 
The inner segment 18 and outer segment 18 serve to Sup 
ply a voltage to the plasma space. The inner segment 18 and 
outer segment 18 can beformed by various methods includ 
ing film formation techniques, such as bonding, thermal 
spraying, and CVD. The variable DC power supply 30 is 
preferably formed of a bipolar power supply. 
The process gas for etching can be selected from various 

conventional process gases, and it may be a gas containing a 
halogen element, such as a fluorocarbon gas (C.F.) or hydrof 
luorocarbon gas (CpHF). The process gas may further con 
tain a rare gas, such as Ar or He, Nagas, or O gas. Where the 
process gas is used for ashing, the process gas may be, e.g., O. 
gaS. 
The process gas is Supplied from the process gas Supply 

unit 15 through the gas Supply line 15a and gas Supply port 
18d into the space 18e inside the main body 18a. Then, the 
process gas is delivered from the gas delivery holes 17 and 
used for etching a film formed on the wafer W. 

The bottom of the chamber 1 is connected through an 
exhaust line 19 to an exhaust unit 20 including a vacuum 
pump or the like. The exhaust unit 20 is configured to reduce 
the pressure inside the chamber 1 to a predetermined vacuum 
level by the vacuum pump. A transfer port 23 for the wafer W 
is formed in the upper portion of the sidewall of the chamber 
1, and is opened/closed by a gate valve 24 attached thereon. 
On the other hand, two ring magnets 21a and 21b are 

disposed coaxially around the chamber 1 at positions above 
and below the transfer port 23 of the chamber 1. The ring 
magnets 21a and 21b are configured to form a magnetic field 
around the process space between the Support table 2 and 
upper electrode 18. The ring magnets 21a and 21b are rotat 
able by a rotation mechanism (not shown). 

In each of the ring magnets 21a and 21b, a plurality of 
segment magnets formed of permanent magnets are disposed 
to be a ring in a multi-pole state. Specifically, in each of the 
ring magnets 21a and 21b, the magnetic poles of adjacent 
segment magnets are oriented in opposite directions. Conse 
quently, magnetic force lines are formed between adjacent 
segment magnets, such that a magnetic field of, e.g., 0.02 to 
0.2T (200 to 2000 Gauss), and preferably of 0.03 to 0.045T 
(300 to 450 Gauss), is formed only around the process space, 
while essentially no magnetic field is formed at the position 
where the wafer is placed. Consequently, it is possible to 
obtain a suitable effect of confining plasma. It should be noted 
that “essentially no magnetic field is formed at the position 
where the wafer is placed' is not limited to a case where no 
magnetic field is present. For example, this concept includes 
a case where a magnetic field is formed at the position where 
the wafer is placed, but the magnetic field has essentially no 
effect on the plasma process. 

In order to adjust the plasma density and ion attraction, an 
RF power for plasma generation may be Superposed with an 
RF power for ion attraction from plasma. Specifically, as 
shown in FIG. 3, in addition to the RF power supply 10 for 
plasma generation connected to the matching unit 11, an RF 
power Supply 26 for ion attraction is connected to a matching 
unit 11b to superpose the RF powers. In this case, the RF 
power supply 10 for plasma generation 10 is preferably set to 
have a frequency within a range of 27MHz to 160 MHz. The 
RF power supply 26 for ion attraction is preferably set to have 
a frequency within a range of 500 KHZ to 27 MHz. With this 
arrangement, ion energy can be controlled to further increase 
the plasma processing rate. Such as an etching rate. 
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8 
The respective components of the plasma etching appara 

tus 100 are connected to the control section (process control 
ler) 50 and controlled thereby. Specifically, the control sec 
tion 50 is configured to control the cooling medium control 
unit 8, the heat transmission gas Supply unit 9, the exhaust 
unit 20, the switch 13a of the DC power supply 13 for the 
electrostatic chuck 6, the RF power supply 10, and the match 
ing unit 11. 
The control section 50 is connected to a user interface 51 

including, e.g., a keyboard and a display, wherein the key 
board is used for a process operator to input commands for 
operating the plasma etching apparatus 100, and the display is 
used for showing visualized images of the operational status 
of the plasma processing apparatus 100. 

Further, the control section 50 is connected to a storage 
section 52 that stores control programs for the control section 
50 to control the plasma etching apparatus 100 so as to per 
form various processes, and programs or recipes for respec 
tive components of the plasma etching apparatus 100 to per 
form processes in accordance with process conditions. 
Recipes may be stored in a hard disk or semiconductor 
memory, or stored in a portable storage medium, Such as a 
CDROM or DVD, to be attached to a predetermined position 
in the storage section 52. 
A required recipe is retrieved from the storage section 52 

and executed by the control section 50 in accordance with an 
instruction or the like through the user interface 51. As a 
consequence, the plasma etching apparatus 100 can perform 
a predetermined process under the control of the control 
Section 50. 

Next, an explanation will be given of a process operation of 
the plasma etching apparatus having the structure described 
above. 
At first, the gate valve 24 of the plasma etching apparatus 

100 shown in FIG. 1 is opened, and a wafer Whaving a layer 
to be etched is transferred into the chamber 1 and placed on 
the support table 2 by a transfer arm. After the transfer arm is 
retreated therefrom and the gate valve 24 is closed, the inte 
rior of the chamber 1 is exhausted by the vacuum pump of the 
exhaust unit 20 through the exhaust line 19 to set the pressure 
inside the chamber 1 to be a predetermined vacuum level. 

Thereafter, a process gas for etching is Supplied from the 
process gas Supply unit 15 into the chamber 1 at a predeter 
mined flow rate, so that the pressure inside the chamber 1 is 
set to be a predetermined value within a range of, e.g., about 
0.13 to 133.3 Pa (1 to 1,000 mTorr). While the chamber 1 is 
maintained at a predetermined pressure, an RF power with a 
frequency of 27 MHz or more, such as 100 MHz, is applied 
from the RF power supply 10 to the support table 2. At the 
same time, a predetermined Voltage is applied from the DC 
power supply 13 to the electrode 6a of the electrostatic chuck 
6 to attract and hold the wafer W by, e.g., a Coulomb force. 
With the RF power applied to the lower electrode or Sup 

port table 2 as described above, an RF electric field is formed 
in the process space (plasma generation region) between the 
upper electrode or showerhead 18 and the lower electrode or 
Support table 2. The process gas Supplied into the process 
space is turned into plasma by the RF electric field, and the 
etching target layer on the wafer W is etched by the plasma. 

During this etching, a magnetic field is formed around the 
process space by the ring magnets 21a and 21b configured in 
a multi-pole state. This magnetic field brings about the effect 
of confining the plasma to make the plasma more uniform, 
even where the apparatus employs an RF power with a fre 
quency that tends to generate less uniform plasma as in this 
embodiment. The magnetic field may have no effect, depend 
ing on the type of the film, but, in Such a case, the segment 
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magnets can be rotated to form essentially no magnetic field 
around the process space during the process. 
When the magnetic field is formed, the conductive or insu 

lative focus ring 5 disposed around the wafer W on the Sup 
port table 2 enhances the effect of making the plasma process 
more uniform. Specifically, where the focus ring 5 is made of 
a conductive material, such as silicon or SiC., the area serving 
as a lower electrode expands to the focus ring. Consequently, 
the plasma generation region is enlarged to a position above 
the focus ring 5, and the plasma generation is promoted on the 
peripheral portion of the wafer W, thereby improving the 
etching rate to be more uniform. Where the focus ring 5 is 
made of an insulative material. Such as quartz, the focus ring 
5 cannot transfer electric charges to and from electrons and 
ions in plasma. In this case, the effect of confining plasma is 
enhanced, thereby improving the etching rate to be more 
uniform. 
As described above, the counter surface of the upper elec 

trode 18 is covered with the conductive inner segment 18 
and outer segment 18, and the planar uniformity of the 
electric field is thereby improved on this conductive counter 
surface, so the plasma process on the wafer W is improved to 
be more uniform. A detailed explanation on this matter will be 
given below. 

FIG. 4 is a view schematically showing the structure of an 
electrode plate used as an upper electrode in a conventional 
plasma etching apparatus. Conventionally, as shown in FIG. 
4, the surface of the main body 18a of an upper electrode 18 
is covered with an insulating film 18b formed thereon, such as 
an oxidization processed film, or insulative ceramic film of 
e.g., Y.O. (for example, a thermal spraying film), for prevent 
ing metal contamination and wear-out due to plasma. In this 
case, the insulating film 18b is the outermost layer, and thus 
that surface of the upper electrode 18 which is exposed to the 
plasma generation region is an insulative Surface (i.e., the 
counter surface of the upper electrode 18 is covered with the 
insulative surface). Further, the inner surface of the chamber 
1 is also covered with a similar insulating film. 

FIG. 5 is a view showing electron density distribution and 
plasma potential distribution in plasma where the conven 
tional plasma etching apparatus is used. In this apparatus, as 
shown in FIG. 5, when RF plasma is generated, an RF current 
flows through the insulating film 18b on the surface of the 
upper electrode 18 into the main body 18a, but scarcely flows 
in the radial direction (planar direction) in the surface of the 
insulating film 18b. With the RF plasma, the insulating film 
18b on the surface of the upper electrode 18 comes to have a 
certain potential distribution in the radial direction, because 
of e.g., a poor uniformity of electron density distribution. In 
this case, the potential distribution remains uneven, and the 
plasma potential comes to have a poor planar uniformity. 
Consequently, the Support table 2 serving as a cathode elec 
trode or lower electrode receives ion energy incident thereon 
with a certain planar distribution, thereby deteriorating the 
planar uniformity of wafer etching. 
The conventional technique uses an RF power Supply for 

plasma generation with a frequency of 27 MHZ or less and a 
high process pressure (about 2 to 10 Pa) to generate plasma 
with high ion energy. In this case, even if the electrode Surface 
has a certain potential distribution in the radial direction, as 
described above, no problem is caused. However, some of the 
recent techniques use an RF power Supply with a frequency or 
27 MHz or more and a low pressure (1.3 Pa or less) to from 
plasma with a low electron density (1x10"/cm or less), and 
also use a negative gas as a process gas. In this case, the 
plasma has a high resistivity and thus makes the process 
uniformity poorer. Further, in order to improve the process 
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10 
performance, it is necessary to perform control at low ion 
energy (100 eV or less). In this case, a poor uniformity of 
energy due to a poorplanar uniformity of the plasma potential 
cannot be ignored. Specifically, dielectric breakdown 
(charge-up damage) of a gate oxide film may be caused by a 
poor planar uniformity of the plasma etching process and a 
poor uniformity of charge-up on the wafer. 
On the other hand, the upper electrode 18 of this embodi 

ment is arranged, as shown in FIG. 6, in order to solve the 
problems described above. FIG. 6 is a view schematically 
showing a system for applying a DC voltage to the segments 
used in the plasma etching apparatus shown in FIG. 1. Spe 
cifically, the surface of the main body 18a facing the support 
table 2 is covered with the insulating film 18b, on which the 
conductive inner segment 18 and outer segment 18 are 
disposed concentrically and separately in the radial direction. 
The inner segment 18 and outer segment 18 are respec 
tively connected to the positive terminal and negative termi 
nal of the variable DC power supply 30. 

In this embodiment, when RF plasma is generated, a Volt 
age is applied between the inner segment 18 and outer 
segment 18. In this case, the plasma generation space is 
Supplied with a Voltage, to control the spatial electric poten 
tial distribution. Specifically, the spatial electric potential dis 
tribution shown in FIG.5 can be changed such that the electric 
potential is increased more on the inner segment 18 than on 
the outer segment 18 to uniformize the spatial electric 
potential distribution. In FIG. 6, arrows I denote electric 
current flows in the plasma space due to the Voltage applica 
tion. The direction of this current becomes opposite where the 
polarity of the DC power supply is reversed. 
As described above, the spatial electric potential distribu 

tion is uniformized, so that the Support table 2 serving as the 
lower electrode or cathode electrode receives ion energy inci 
dent thereon with a uniform distribution. Further, the uniform 
ion energy brings about uniform electron energy in plasma 
generation, thereby resulting in a uniform electron density 
distribution. Consequently, it is possible to improve the pla 
nar uniformity of the etching process, and to reduce the 
charge-up damage. Such as dielectric breakdown of gate 
oxide films. In addition, the variable DC power supply 30 is 
formed of a bipolar power supply, which can control the 
potential distribution within a range from a convex shape to a 
concave shape. In this case, it suffices if the DC voltage 
applied between the inner segment 18 and outer segment 
18 is several tens of volts. 
Even where one of the segments is supplied with a DC 

Voltage, if the other segment is in a completely floating state, 
no electric potential difference is formed therebetween, and 
thus the effect described above cannot be obtained. A current 
derived from the applied DC voltage flows from the inner 
segment 18 through plasma into outer segment 18, so 
abnormal electric discharge can be hardly caused, and a mem 
ber for grounding is unnecessary. 
The feed lines 30a and 30b connected to the variable DC 

power supply 30 are respectively provided with the low-pass 
filters (LPFs)31 and 33 to remove the RF influence on the 
variable DC power supply 30. The feed lines 30a and 30b are 
further provided with the relay switches 32 and 34 to turn on 
and off the DC voltage applied to the inner segment 18 and 
outer segment 18. The relay switches 32 and 34 are prefer 
ably disposed on the side closer to plasma from the low-pass 
filters (LPFs) 31 and 33, as shown in FIG. 6. If the relay 
switches 32 and 34 are disposed on the side closer to the 
variable DC power supply 30 from the low-pass filters (LPFs) 
31 and 33, the following problem arises when no DC voltage 
is applied to the segments. Specifically, when the relay 
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switches 32 and 34 are in the OFF-state, an RF power from 
plasma may pass through the low-pass filters, thereby chang 
ing the plasma state inside the chamber 1. This matter is 
common to all the following embodiments. 
The material of the inner segment 18 and outer segment 

18 is not limited to a specific one, as long as it is conductive. 
Since the segments are required only to Supply a Voltage to the 
plasma space, they are allowed to have a somewhat high 
resistivity, as high as 1x10 G2cm, which allows the use of 
e.g., Sior SiC. Further, even where the surface state varies to 
some extent, the effect described above is maintained. 

According to this embodiment, the conductive inner seg 
ment 18 and outer segment 18 are formed on the insulating 
film 18b conventionally used for a protection function, and 
thus the advantages described are obtained in addition to the 
conventional protection function. Further, since the conduc 
tive layers are formed on a conventional upper electrode, the 
apparatus structure does not need to be greatly changed. 

FIGS. 7A and 7B are views schematically showing modi 
fications of a system for applying a DC voltage to the seg 
ments usable in the plasma etching apparatus shown in FIG. 
1. In the structure shown in FIG. 6, the inner segment 18 and 
outer segment 18 are in a floating state except for the con 
nection to the variable DC power supply 30. In the modifica 
tion shown in FIG. 7A, the outer segment 18 is grounded. In 
the modification shown in FIG. 7B, the inner segment 18, is 
grounded. As shown in these modifications, where one of the 
segments is grounded, the spatial electric potential on the 
non-grounded side is largely adjustable while the spatial elec 
tric potential on the grounded side is not changed so much. 

FIG. 8 is a view schematically showing an alternative 
modification of a system for applying a DC voltage to the 
segments usable in the plasma etching apparatus shown in 
FIG.1. In the modification shown in FIG. 8, another variable 
DC power Supply 40 is connected to one of the segment, in 
addition to the variable DC power supply 30 for controlling 
the spatial electric potential distribution. In FIG. 8, the vari 
able DC power supply 40 is connected to the outer segment 
18, but it may be connected to the inner segment 18. AS in 
this modification, where one of the segments is connected to 
the variable DC power supply 40, the degree of the spatial 
electric potential (the potential difference between the plasma 
and electrode main body 18a) can be adjusted while the 
spatial electric potential distribution is maintained. Since the 
distribution and degree of the spatial electric potential are 
adjustable, the ion energy relative to the wafer W can be 
controlled with high accuracy. Further, since the degree of the 
spatial electric potential is adjustable, the deposition onto the 
upper electrode 18 can be controlled. Furthermore, since the 
degree of the spatial electric potential itself is adjustable by 
the variable DC power supply 40, the variable DC power 
supply 30 for distribution control is not required to apply a 
high Voltage and thus this power Supply can be compact. 

FIG.9 is a view schematically showing a further alternative 
modification of a system for applying a DC voltage to the 
segments usable in the plasma etching apparatus shown in 
FIG.1. In the modification shown in FIG.9, the inner segment 
18 is connected to a variable DC power supply 42, and the 
outer segment 18, is connected to another variable DC power 
Supply 44. With this arrangement, the Voltages applied to the 
inner segment 18 and outer segment 18 can be indepen 
dently controlled from each other. 

FIG.10 is a view schematically showing a plan view layout 
of segments used in the upper electrode of a plasma etching 
apparatus or plasma processing apparatus according to 
another embodiment of the present invention. FIG. 11 is a 
view schematically showing a system for applying a DC 
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12 
Voltage to the segments used in the plasma etching apparatus 
according to the embodiment shown in FIG. 10. 

This embodiment includes an upper electrode 18 in which 
three segments 18, 18 and 18s are concentrically dis 
posed in this order from the inner side on the surface of an 
insulating film 18b. The outermost segment 18s is connected 
to the negative terminal of a variable DC power supply 30 
through a feed line 30d. The middle segment 18 and inner 
most segment 18 are connected to the positive terminal of 
the variable DC power supply 30 respectively through feed 
lines 30e and 30? branched from a feedline 30c. The feedlines 
30e and 30fare respectively provided with relay switches 36 
and 37, so that the positive terminal of the variable DC power 
supply 30 can be connected to either or both of the segments 
18 and 18. The feed line 30c is provided with a low-pass 
filter (LPF)35. The feed line 30d is provided with a low-pass 
filter (LPF)38 and a relay switch 39 for turning on and off the 
DC voltage. 
With this arrangement, the segments to be supplied with 

the voltage can be selected by switching. The spatial electric 
potential distribution can be adjusted at a selected position, 
thereby improving the flexibility in controlling the spatial 
electric potential distribution. 

Next, an explanation will be given of experiments per 
formed to confirm advantages of the present invention. 
At first, an upper electrode was prepared Such that the 

counter surface of a main body was covered with a 250 um 
thermal spraying film of YO, and an inner segment and an 
outer segment both made of Si were concentrically disposed 
on the film. A plasma process was performed on a wafer, 
while one of the inner segment and outer segment was 
grounded, and the other was supplied with a predetermined 
DC voltage. The wafer was a 300-mm wafer, and the upper 
electrode had a diameter of 340 mm. The inner segment had 
a radius of 100mm, and the outer segment had an outer radius 
of 180 mm. The plasma process was performed in the appa 
ratus shown in FIG. 1, under the conditions of the pressure 
inside the chamber was set at 0.67 Pa, the process gas was O. 
gas with a flow rate of 200 mL/min, and the RF power was set 
to be with a frequency of 100 MHZ at different power levels of 
200 W, 500 W, 800 W, and 1,200 W. At this time, the planar 
distribution of plasma potential Vf relative to the ground 
potential (GND), planar distribution of self-bias voltage Vdc, 
and planar distribution of electron density distribution Ne 
were measured. 

FIGS. 12A, 12B, and 12C to FIGS. 19A, 19B, and 19C 
show data obtained in this experiment. FIGS. 12A, 12B, and 
12C shows a case where the RF power was set at 200 W, the 
inner segment was grounded, and the outer segment was 
supplied with the DC voltage at different voltage values of 
+4OV, +20V, OV, and -80V. FIGS. 13A, 13B, and 13C shows 
a case where the RF power was set at 200 W, the outer 
segment was grounded, and the inner segment was supplied 
with the DC voltage at different voltage values of +4OV. OV. 
-2.2V, and -80V. FIGS. 14A, 14B, and 14C shows a case 
where the RF power was set at 500 W, the inner segment was 
grounded, and the outer segment was Supplied with the DC 
voltage at different voltage values of +50V, OV, -50V, and 
-100V. FIGS. 15A, 15B, and 15C shows a case where the RF 
power was set at 500W, the outer segment was grounded, and 
the inner segment was supplied with the DC voltage at dif 
ferent voltage values of +40V. OV, -36.8V, and -50V. FIGS. 
16A, 16B, and 16C shows a case where the RF power was set 
at 800 W, the inner segment was grounded, and the outer 
segment was supplied with the DC voltage at different voltage 
values of +4OV, +11.5V, OV, and -80V. FIGS. 17A, 17B, and 
17C shows a case where the RF power was set at 800 W, the 
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outer segment was grounded, and the inner segment was 
supplied with the DC voltage at different voltage values of 
+10V, OV, -19.8V, and -60V. FIGS. 18A, 18B, and 18C 
shows a case where the RF power was set at 1,200W, the inner 
segment was grounded, and the outer segment was supplied 
with the DC voltage at different voltage values of +10V. OV. 
-18.6V, and -60V. FIGS. 19A, 19B, and 19C shows a case 
where the RF power was set at 1,200W, the outer segment was 
grounded, and the inner segment was Supplied with the DC 
voltage at different voltage values of +15V, +5.6V. OV, and 
-60V. FIGS. 12A, 13A, 14A, 15A, 16A, 17A, 18A, and 19A 
show the planar distribution of plasma potential Vf, wherein 
AVf denotes planar fluctuation of Vf FIGS. 12B, 13B, 14B, 
15B, 16B, 17B. 18B, and 19B show the planar distribution of 
self-bias voltage V dc, wherein AVdc denotes planar fluctua 
tion of Vdc. FIGS. 12C, 13C, 14C, 15C, 16C, 17C, 18C, and 
19C show the planar distribution of electron density distribu 
tion Ne, wherein ANe denotes a value in percentage terms 
obtained where the difference between the planar maximum 
value and minimum value of Ne is divided by the double of 
the planar mean value of Ne. 
As shown in these figures, it was confirmed that, where a 

Voltage was applied to the segments according to the embodi 
ment shown in FIG. 1, the planar distribution of plasma 
potential Vf, planar distribution of self-bias voltage V dc, and 
planar distribution of electron density distribution Ne could 
be adjusted and controlled. Particularly, in the case shown in 
FIGS. 14A, 14B, and 14C where the RF power was set at 500 
W, the inner segment was grounded, and the outer segment 
was supplied with the DC voltage at different voltage values, 
all the planar distributions of Vf Vdc, and Ne were uni 
formized when the DC voltage was at -100V. Further, in the 
case shown in FIGS. 15A, 15B, and 15C where the RF power 
was set at 500 W, the outer segment was grounded, and the 
inner segment was supplied with the DC voltage at different 
voltage values, all the planar distributions of Vf, Vdc, and Ne 
were uniformized when the DC voltage was at +4OV. 

Next, an experiment was conducted where the inner seg 
ment was supplied with the DC voltage at different voltage 
values, while no Voltage was applied from a distribution con 
trol power Supply, to measure the planar distribution of 
plasma potential Vf. The RF power was set at different values 
of 200 W and 500 W, and the other conditions were set to be 
the same as those in the experiment described above. 

FIGS. 20A and 20B show data obtained in this experiment. 
FIG. 20A shows the planar distribution of plasma potential Vf 
relative to the ground potential (GND) where the RF power 
was set at 200W, and the inner segment was supplied with the 
DC voltage at different voltage values of +50V, -36V, and 
-120V. FIG. 20B shows the planar distribution of plasma 
potential Vf relative to the ground potential (GND) where the 
RF power was set at 500 W, and the inner segment was 
supplied with the DC voltage at different voltage values of 
+10V. -56V, and -120V. As shown in these figures, it was 
confirmed that, where the voltage of the other DC power 
Supply was changed, the degree of Vf was adjustable while 
the distribution pattern of Vf was essentially maintained. 

The present invention is not limited to the embodiments 
described above, and it may be modified in various manners. 
For example, in the embodiments described above, the seg 
ments are disposed on the lower surface of the upper electrode 
through an insulating film to define a part of the ceiling of the 
process chamber 1. In this respect, FIG. 21 is a view sche 
matically showing another example of an upper electrode. In 
this example, an upper electrode 118 comprising an inner 
segment 118a and an outer segment 118b is disposed sepa 
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14 
rately from the ceiling of a process chamber 1. In this case, the 
inner segment 118a and outer segment 118b may be arranged 
to form a mesh. 

In the embodiments described above, the segments are 
concentrically disposed, but they may be not necessarily con 
centric. Further, in the embodiments described above, the 
number of segments is two or three, but it may be four or 
more. In the embodiment shown in FIGS. 10 and 11, the 
segments 18 and 18 connected to one of the terminals of 
the DC power supply can be switched therebetween. Alter 
natively or further, the segment 18s connected to the other of 
the terminals may be also divided into two portions and 
configured to be switched therebetween. The embodiment 
shown in FIGS. 10 and 11 may be combined with the struc 
tures shown in FIGS. 7A, 7B, 8, and 9. 

In the embodiments described above, the ring magnets are 
used to form a magnetic field around the process space. Each 
of the ring magnets has a plurality of segment magnets 
formed of permanent magnets and disposed around the cham 
ber to be a ring in a multi-pole state. However, such magnetic 
field forming means is not necessarily required. Further, in 
the embodiments described above, the present invention is 
applied to plasma etching, but it may be applied to another 
plasma process, such as plasma CVD or Sputtering. Similarly, 
other apparatus components, the material of the conductive 
layer, and so forth are not limited to those of the embodiments 
described above, and they may be modified in various man 
ners. Furthermore, in the embodiments described above, the 
target Substrate is a semiconductor wafer, but it may be 
applied to another Substrate for, e.g., flat panel displays 
(FPDs), such as LCDs. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the specific details and rep 
resentative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A capacitive coupling plasma processing apparatus com 

prising: 
a chamber configured to maintain a vacuum atmosphere; 
first and second electrodes disposed opposite to each other 

inside the chamber; and 
a plasma generation mechanism configured to generate 

process gas plasma by forming a radio frequency (RF) 
electric field between the first and second electrodes, 

wherein the plasma generation mechanism includes an RF 
power Supply connected to the first electrode, 

the first electrode is configured to Support a process target 
substrate and to be supplied with an RF power from the 
RF power supply, 

the second electrode includes a plurality of segments sepa 
rated in concentric state and disposed at a position oppo 
site to the first electrode, and a conductive main body 
Supporting the plurality of segments through a planar 
insulating film in an integrated State. Such that the main 
body is grounded and the plurality of segments are set in 
a floating state or is grounded via a conductive portion, 

the apparatus further comprises variable direct current 
(DC) power Supplies for applying a DC voltage to at 
least one of the plurality of segments, to control spatial 
electric potential distribution in radial directions of the 
second electrode by applying a DC voltage to at least one 
of the plurality of segments from the variable DC power 
Supplies, and 
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the plurality of segments include a first segment and a 
Second segment, and the variable DC power supplies 
include a first variable DC power supply configured to 
apply a DC voltage to the first segment, and a second 
variable DC power supply configured to apply a DC 
Voltage to the second segment independently of the first 
Segment. 

2. The apparatus according to claim 1, wherein the first and 
second variable DC power supplies are configured to set a 
Voltage between the first and second segments. 

3. The apparatus according to claim 1, wherein the first 
variable DC power supply is configured to set a voltage 
between the first and second segments. 

4. The apparatus according to claim 3, wherein the first 
variable DC power supply includes one terminal connected to 
the first segment and another terminal connected to the sec 
ond segment. 

5. The apparatus according to claim 4, wherein one of the 
first segment and the second segment is grounded and the 
other is set in a floating state. 

6. The apparatus according to claim 4, wherein the second 
variable DC power supply includes one terminal connected to 
the second segment and another terminal that is grounded. 

7. The apparatus according to claim 4, wherein the first 
variable DC power supply includes a positive terminal con 
nected to an inner segment of the first and second segments 
and a negative terminal connected to an outer segment of the 
first and second segments. 

8. The apparatus according to claim 5, wherein an inner 
segment of the first and second segments is set in a floating 
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state, and the first variable DC power supply includes a posi 
tive terminal connected to the segment set in a floating state 
and a negative terminal connected to the segment that is 
grounded. 

9. The apparatus according to claim 6, wherein the first 
Variable DC power supply includes a positive terminal con 
nected to an inner segment of the first and second segments 
and a negative terminal connected to an outer segment of the 
first and second segments, and the second variable DC power 
Supply includes a positive terminal connected to the outer 
Segment. 

10. The apparatus according to claim 1, wherein each of the 
first and second variable DC power supplies is a bipolar 
power supply. 

11. The apparatus according to claim 1, wherein each of the 
first and second segments is arranged to form a mesh. 

12. The apparatus according to claim 1, wherein the appa 
ratus further comprises switches respectively disposed 
between the first and second variable DC power supplies and 
the first and second segments to turn on and off a DC voltage. 

13. The apparatus according to claim 1, wherein the appa 
ratus further comprises low-pass filters respectively disposed 
between the first and second variable DC power supplies and 
the first and second segments. 

14. The apparatus according to claim 1, wherein an inner 
segment of the first and second segments is set to have electric 
potential higher than that of an outer segment of the first and 
Second segments. 


